A-site-ordered perovskites La 1-x Na x Mn 3 Ti 4 O 12 with (x = 0, 0.5, 1) were synthesized under high-pressure and high-temperature conditions, and their crystal structures and magnetic properties were investigated. Mn/Ti occupancies at the B-site was also examined by using resonant X-ray scattering, and the results confirm that they were stoichiometrically synthesized with high Mn/Ti site selectivity. Substituting Na + for some of the La 3+ changed the valence state of the A'-site Mn but not of the B-site Ti, and thus the compositions of the synthesized samples are expressed as La 1−x Na x Mn (5+2x)/3 3 Ti 4+ 4 O 12 . The magnetic behaviors change from antiferromagnetic to spin-glass like behavior according to the valence states of A'-site Mn.
Introduction
Perovskite oxides with a chemical formula ABO 3 are actively studied because they show a wide variety of chemical and physical properties. The properties, especially those in electric transport and magnetism, are often attributed to interactions between transition-metal cations at the B-site (via oxygen ions). When 3/4 of the A-sites of a simple perovskite is occupied by another transition-metal cation, A-site-ordered perovskites, AA' 3 B 4 O 12 , can be stabilized (Fig. 1) . The compounds offer opportunities to see intriguing properties due to the additional A'-A' and A'-B interactions. 1 , 2 In CaCu 3 (Sn,Ti,Ge) 4 O 12 , for example, one finds a very unusual A'-A' magnetic interaction in which either ferromagnetism or antiferromagnetism of the A'-site Cu 2+ spins is stabilized by changing the non-magnetic B-site cations. 3, 4, 5 In ACu 3 Fe 4 O 12 (A = La 3+ , Bi 3+ ), intersite charge transfer between the A'-site Cu and the B-site Fe (Cu 2+ + Fe +3.75  Cu 3+ + Fe 3+ ) causes a significant change in the unit-cell volume as well as paramagnetic-to-antiferromagnetic and metal-to-insulator transitions. 6, 7 The A site in AA' 3 Synchrotron powder X-ray diffraction for both resonant (λ=1.898161 Å) and non-resonant (λ=0.82716 Å) conditions was performed on a diffractometer at I11, Diamond. The samples were mounted on the outside of a 0.5mm diameter capillaries using organic grease as an adhesive. In RXS, wavelength tuned to the K-edge of one of the metals may be used to induce large anomalous scattering changes for that element, providing useful contrast for occupancy refinements. An energy just below the K-edge of the lighter element would ideally be used to minimize sample absorption, but in this case the Ti K-edge is below the practical range for the I11 diffractometer. Therefore, the Mn K-edge was used for the experiment. The spectra were measured by simultaneously scanning the monochromator and the undulator gap and the edge was found to be at E = 6547.0 keV. The beam energy was reduced to 15 eV below this value for the diffraction experiments and determined from a Si standard to be λ = 1.898161 Å, E = 6529.6 eV.
The samples were measured for approximately 8 hours each at this wavelength in Debye-Scherrer geometry in the 2 range from 0 o to 150 o . Values of the anomalous dispersion coefficients f' (実験に用いた値) and f'' (実験に用いた値) were taken from a standard source. 19 The combined analysis of the resonant and non-resonant X-ray diffraction data was carried out by using the Topas program. 17 .
Magnetic properties of the samples were measured using a commercial SQUID magnetometer (MPMS, Quantum Design). Temperature dependence of magnetic susceptibility was measured in a 1kOe magnetic field.
Experimental Results

(i) Crystal structure analysis
The main phase of each sample was confirmed to be an A-site-ordered perovskite structure with the space group Im-3. In the refinement we initially assigned the atomic positions as A(0, 0, 0), Mn(0, 0.5, 0. Given the magnetic transitions occur at those temperatures (T m ), ||/ T m ratios respectively are 7, 6, and 10, indicating that the antiferromagnetic interactions are highly frustrated.
In Table 2 , we show the magnetic moments calculated from the Curie constants.
If the mixed valence states of Mn at the A' site are due to a mixture of Mn + , Mn 2+ , and Mn 3+ ions, the effective magnetic moments of those ions with high-spin configurations agree well with those estimated from the Curie constants. Thus, the magnetic results also support that Mn ions at the A' site produce local spins and that those valence states of Mn change with changing the A-site composition x.
Discussion
The all experimental results strongly suggest that the 
Conclusions
The solid solutions of La Fig. 1 . Crystal structure of AA' 3 B 4 O 12 perovskites. A and A' site cations in the ratio of 1:3 are ordered and the A'-site ion is square-planar coordinated with oxygen ions.
Corner-sharing BO 6 octahedra are heavily tilted. 
